Background: Although the impact of oral hygiene on head and neck cancer risk has been investigated, few studies have been conducted among the Asian population.
Funding information
This investigation was supported by the University of Utah Study Design and Biostatistics Center, with funding in part from the National Cancer Institute through Cancer Center Support P30 CA042014 awarded to the Huntsman Cancer Institute, the National Center for Research Resources, and the National Center for Advancing Translational Sciences, National Institutes of Health, through Grant 8UL1TR000105 (formerly UL1RR025764). In addition, this work was supported by JSPS Grant-in-Aid for Young Scientists (B) to D. Kawakita (No. 15K21283). These grantors were not involved in the study design, subject enrollment, study analysis or interpretation, or submission of the manuscript.
Methods: We conducted a multicenter case-control study to investigate this potential association. We performed unconditional multiple logistic regression models adjusted by potential confounders.
Results:
We observed an inverse association of frequency of dental visits with head and neck cancer risk, with an adjusted odds ratio (OR) of 3.70 (95% CI 2.51-5.45) for never dental visits compared with 1 time/year (P trend < .001). We also observed a positive association between the number of missing teeth and head and neck cancer risk, with an adjusted OR for 5 missing teeth compared with <5 missing teeth of 1.49 (95% CI 1.08-2.04). Combining multiple oral hygiene indicators, poor oral hygiene scores increased head and neck cancer risk.
Conclusion: Poor oral hygiene may increase head and neck cancer risk in the Chinese population. Therefore, improving oral hygiene may contribute to reducing the head and neck cancer risk in the Chinese population.
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| I NT ROD UCTI ON
Head and neck cancer is the sixth most common cancer in the world, with more than 600 000 cases diagnosed each year. 1 The anatomic sites of head and neck cancer typically include the oral cavity, oropharynx, hypopharynx, and larynx, and it has been noted that these sites are strongly associated with environmental exposures. The established risk factors are predominantly tobacco smoking and alcohol drinking, and these factors cause approximately 80% of head and neck cancers independently or synergistically. 2, 3 Recently, human papillomavirus infection has become an established risk factor for oropharyngeal cancer. 4 Although it has been proposed that oral hygiene and dental care indicators may modify head and neck cancer risk, it remains inconsistent. Higher proportions of missing teeth, [5] [6] [7] [8] [9] [10] [11] [12] [13] denture use, 6, 11, [14] [15] [16] [17] and gum bleeding 9,13,18 might increase the head and neck cancer risk, and frequent teeth cleaning 5, 9, 10, 13, [19] [20] [21] and regular visits to the dentist [9] [10] [11] [12] [13] 16, 21, 22 might decrease the head and neck cancer risk. Recently, the International Head and Neck Cancer Epidemiology Consortium (INHANCE), in a large-scale pooled case-control study, reported significant associations between oral hygiene indicators and head and neck cancer risk after adjustment of potential confounders. 23 Although this article reported on a high impact of oral hygiene on head and neck cancer risk, only one Asian study was included in this study. Therefore, we conducted a large-scale multicenter case-control study to investigate the association of oral hygiene and dental care with head and neck cancer risk in a Chinese population.
| M ATE RI ALS AN D ME THOD S

| Design and subjects
We conducted a multicenter case-control study to elucidate the etiology of head and neck cancer in an East Asian population. The study center consists of 8 centers from China (Beijing, Fujian, Henan, Jiangsu, Liaoning, Shanghai, and Sichuan) and Taiwan, and the recruitment of subjects from December 2010 to February 2015. Detailed information from the face-to-face interview of both cases and controls included items on smoking and drinking habits, dietary habits, height and weight, individual and family medical history, occupational status, education level, and other lifestyle factors, including oral hygiene and dental care. The study was approved by the ethical board of study centers and centrally at the University of Utah, and all subjects signed an informed consent form. The inclusion criteria for cases were: (1) age older than 18 years; (2) confirmed invasive tumor of head and neck region; (3) histologically confirmed squamous cell carcinoma; and (4) interviews performed within 6 months of cancer diagnosis. Tumors were assigned to 1 of the 5 categories as follows: (i) oral cavity (International Classification of Disease-O-3 topography: C00.3 to C00.9, C02.0 to C02.3, C03.0, C03.1, C03.9, C04.0, C04.1, C04.8, C04.9, C05.0, C06.0 to C06.2, C06.8, and C06.9); (ii) oropharynx (C01.9, C02.4, C05.1, C05.2, C09.0, C09.1, C09.8, C09.9, C10.0, C10.2-C10.4, C10.8, and C10.9); (iii) hypopharynx (C12.9, C13.0 to C13.2, C13.8, and C13.9); (iv) oral cavity, pharynx unspecified, or overlapping (C02.8, C02.9, C05.8, C05.9, C14.0, C14.2, and C14.8); and (v) larynx (C10.1, C32.0 to C32.3, and C32.8 to C32.9). Controls were frequency matched by sex, 5-year age group, ethnicity, and residence area from each of the study centers. Controls were selected from a defined list of nonchronic diseases not related to tobacco smoking or alcohol drinking. The proportion of hospital controls within a particular diagnostic group did not exceed 33%. These groups were: (1) benign disorders; (2) endocrine and metabolic; (3) skin, subcutaneous tissue, and musculoskeletal disorders; (4) trauma; (5) circulatory disorders; (6) ear and eye disorders; (7) diseases of the upper-respiratory tract; (8) diseases of the oral cavity, jaw, and salivary gland; (9) gastrointestinal; (10) nervous system; (11) other diseases; and (12) no diagnosis (healthy population). Hospital controls were randomly chosen from subjects admitted as inpatients or outpatients in the same study center as the cases, and they were in the hospital for <1 month when recruited. Finally, our study included 921 cases (424 of the oral cavity, 106 of the oropharynx, 81 of the hypopharynx, 85 of the larynx, and 225 of pharynx unspecified or overlapping) and 806 controls.
| Definition of the exposure variable
Our questionnaire included 4 oral hygiene and dental care indicators: (1) frequency of teeth cleaning; (2) number of missing teeth; (3) denture use; and (4) frequency of dental visits. We divided subjects into each category according to oral hygiene and dental care indicators: 2 categories for frequency of teeth cleaning (>1 time/day and 1 time/day), 2 categories for the number of missing teeth (<5 and 5), 2 categories for denture use (no or yes), and 4 categories for frequency of dental visits (1 time/year; 1 time/2-4 years, 1 time/5 years, and never). In addition, we calculated oral hygiene scores using all oral hygiene and dental care indicators in this study. We summed the following variables: frequency of teeth cleaning: >1 time/day 5 0; 1 time/day 5 1; number of missing teeth: <5 5 0 and 5 5 1; denture use: no 5 0, yes 5 1; and regular dental visits: yes 5 0, no 5 1. This score ranged from 0-4 from best to worst oral hygiene condition.
| Statistical analysis
We estimated the odds ratios (ORs) and the 95% confidence intervals (CIs) using unconditional multiple logistic regression models. Models included adjustment for ethnicity (Han vs Taiwanese vs others), age (18-44 vs 45-54 vs 55-64 vs 65-85 years), sex (male vs female), education levels (illiterate vs primary school vs junior/middle school vs senior/high school vs college/university above), center (China mainland vs Taiwan), cigarette smoking intensity (never vs <20 cigarettes/day vs 20 cigarettes/day), cigarette smoking duration (never vs <20 years vs 20 and <40 years vs 40 years), betel quid chewing intensity (never vs <20 pieces/day vs 20 pieces/day), betel quid chewing duration (never vs <20 years vs 20 years), alcohol drinking intensity (never vs <2 drinks/day vs 2 drinks/day), alcohol drinking duration (never vs <20 years vs 20 and <40 years vs 40 years), and body mass index at interview period (<22 kg/m 2 vs 22 and <25 kg/m 2 vs 25 kg/m 2 ). Betel quid chewing intensity and duration were adjusted in cases with oral cavity and oropharyngeal cancer, and with oral cavity, and pharynx unspecified or overlapping. Differences in categorical variables across groups were assessed by the chi-square test or Fisher's exact test, as appropriate. To evaluate potential interactions of oral hygiene and dental care indicators with potential confounders, we performed likelihood-ratio tests, which compared models with and without the interaction term (P for heterogeneity).
All statistical analyses were performed using the software STATA version 14 (Stata, College Station, TX). All tests were 2-sided, and P values of < .05 were considered statistically significant. Table 1 shows the distributions of cases and controls by subject characteristics. Among the cases, the proportion of older subjects, men, cigarette smokers, betel quid consumers, alcohol drinkers, lower education level, or Han population was significantly higher than controls.
| R ES ULT S
We observed a significant inverse association of frequency of dental visits with head and neck cancer risk, with adjusted OR of 1.72 (95% CI 1.10-2.67) for 1 time/2-4 years, 2.09 (95% CI 1.40-3.14) for 1 time/5 years, and Abbreviations: CI, confidence interval; OR, odds ratio. a Adjusted by age, sex, cigarette smoking intensity, cigarette smoking duration, betel quid chewing intensity, betel quid chewing duration, drinking intensity, drinking duration, body mass index, study center, ethnicity, and education level. b Oral hygiene score is the sum of the 4 following variables: frequency of teeth cleaning: >1 time/day 5 0, 1 time/day 5 1; number of missing teeth: <5 5 0, 5 5 1; denture use: no 5 0, yes 5 1; and regular dental visits: yes 5 0, no 5 1.
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3.70 (95% CI 2.51-5.45) for never dental visits compared with 1 time/year with a statistically significant trend (P trend < .001; Table 2 ). In addition, the number of missing teeth was significantly associated with an increased head and neck cancer risk, with an adjusted OR for 5 missing teeth compared with <5 missing teeth of 1.49 (95% CI 1.08-2.04). Although lower frequency of teeth cleaning and denture use were positively associated with head and neck cancer risk, these associations were inconsistent after adjustment by potential confounders. Additionally, poor oral hygiene scores increased the risk of head and neck cancer, with adjusted OR of 1.99 (95% CI 1.41-2.82) for a score of 1, 1.88 (95% CI 1.30-2.71) for a score of 2, and 4.76 (95% CI 2.88-7.85) for a score of 3 compared with 0, with a significant trend (P trend < .001).
The inverse association with frequency of dental visits was significantly observed with all subsites (Table 3 ). The impact of the frequency of teeth cleaning and the number of missing teeth was stronger in oral cavity and oropharyngeal cancer than in other subsites. Regarding denture use, we did not find major differences by subsite. Although poor oral hygiene scores increased the risk of all subsites, we found no significant trends for cancer risks of the hypopharynx and larynx.
We further investigated the impact of oral hygiene and dental care indicators on head and neck cancer risk stratified by potential confounders (Table 4) . We observed that the impact of lower frequency of dental visits was stronger among men, smokers, drinkers, and Taiwanese ethnicity. Additionally, a significant inverse association with frequency of teeth cleaning was observed among Taiwanese people, and we observed a significant positive association with denture use among alcohol drinkers. Regarding the number of missing teeth, we observed significant associations with head and neck cancer risk among older subjects, women, never smokers, drinkers, and Taiwanese ethnicity. . . .
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Oral hygiene score (best to worst oral hygiene) 0 1.00
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. Adjusted by age, sex, cigarette smoking intensity, cigarette smoking duration, betel quid chewing intensity, betel quid chewing duration, drinking intensity, drinking duration, body mass index, study center, ethnicity, education level. Betel quid chewing intensity and betel quid chewing duration was not adjusted in hypopharynx and larynx.
| D IS C US S I ON
In this study, we observed that lower frequency of dental visits and greater numbers of missing teeth were significantly associated with an increased head and neck cancer risk in a Chinese population. In addition, we found that poor oral hygiene scores increased the risk of head and neck cancer with a significant dose-response trend.
Regarding the frequency of dental visits, to date, 12 studies have been reported. [8] [9] [10] [11] [12] [13] 16, 18, [21] [22] [23] [24] Among them, 9 studies reported that lower frequency of dental visits is associated with an increased head and neck cancer risk, [9] [10] [11] [12] [13] 16, [21] [22] [23] and our results were consistent with their findings. Next, there were 13 studies and 2 meta-analyses that evaluated the association between the number of missing teeth and the head and neck cancer risk. [5] [6] [7] [8] [9] [10] [11] [12] [13] 18, 22, 23, [25] [26] [27] Ten case-control studies and both meta-analyses supported that higher proportion of missing teeth increased head and neck cancer risk, which was similar to our study results. [5] [6] [7] [8] [9] [10] [11] [12] [13] 23, 26, 27 Previous studies on missing teeth and the increased risk of head and neck cancer have been fairly consistent. The mechanism behind this association is plausible considering that periodontal disease is associated with tooth loss. 28 Zeng et al 29 reported on a positive association of periodontal disease with head and neck cancer risk using meta-analysis. Additionally, it has been known that tooth loss is associated with smoking behavior, 30 and may be a surrogate marker of socioeconomic status. 31 Although we did not have information about the income of subjects, education level was adjusted for socioeconomic status in this study. Following the methodology from studies in Taiwan, the diet and upper-aerodigestive tract cancer in Europe (the ARCAGE study), and INHANCE, we evaluated the impact of an oral hygiene score on the head and neck cancer risk. 13, 16, 23 All of the previous studies, along with our current study, indicated a significant dose-positive relationship between oral hygiene scores and head and neck cancer risk after adjustment by smoking and drinking. The strengths of this study include the number of head and neck cancer cases, which is one of the largest in an Asian population. Second, we adjusted for a considerable number of potential confounders carefully including tobacco smoking, alcohol drinking, and betel quid use. We were able to conduct various stratified analyses. Some limitations of our study include the hospital-based case-control design. We tried to minimize the effect of selection bias, and we selected controls with diseases unrelated to smoking and drinking. Our results could potentially be affected by overestimation of ORs due to recall bias, because subjects with cancer may recall poor oral hygiene with more effort. Although we would not expect that patients with head and neck cancer would necessarily think of poor oral hygiene as a strong risk factor for head and neck cancer, in which case, the recall bias may be minimized. Third, residual confounding of smoking and drinking could not be ruled out completely, but we did conduct analysis among never-smokers and neverdrinkers. Additionally, we adjusted on betel quid chewing intensity and duration, which is a common habit in some East Asian populations. Fourth, we did not have information on human papillomavirus infection. Although we evaluated the impact of oral hygiene and dental care indicators in oropharyngeal cases only, these results were consistent (data not shown).
In conclusion, we observed that poor oral hygiene increased the risk of head and neck cancer and its subsites in a Chinese population. Improving oral hygiene in terms of frequent dental visits may contribute to reducing head and neck cancer risk in the Chinese population.
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